Assessment of cardiac function is the leading parameter when evaluating the state of the cardiovascular system of patients undergoing chronic hemodialysis. The aim of the paper:
INTRODUCTION: Cardiovascular complications are the leading cause of mortality and morbidity in children with end-stage renal disease treated with hemodialysis [1] . Though treatment with dialysis is usually a temporary measure prior to transplantation, the consequences of even relatively short-term dialysis still remain after successful childhood kidney transplantation [2, 3] . Compared to the general population, the long-term survival rates of children with chronic kidney disease remain reduced [4] .
Recent research has revealed the presence of early structural changes to the heart muscle in children with chronic kidney disease, especially those who have been undergoing hemodialysis for extended periods. The hypothesis of parallel vascular and cardiac adaptation is gaining currency and it has been suggested that the strain of pressure and volume could be the cause of parallel development of vascular and heart damage in children with chronic kidney disease [4, 5] .
Numerous recently concluded studies reveal that diastolic dysfunction is present in children with end-stage renal disease who are treated with hemodialysis, while systolic function long remains preserved [6, 7, 8] .
Material and methods : Study population
The study involved 20 children with end-stage renal insufficiency, who had been in a program of chronic hemodialysis -three times a week, for at least two years. The control group (N=20) consisted of healthy children who had been examined in a cardiologist's office and diagnosed with physiologic heart murmurs. Children similar in sex and age to the children on hemodialysis were selected. Ethical clearance was obtained from the Ethical Committee, while written informed consent and assent were obtained from parents -and patients, where applicable -conforming to the policy statement with respect to the Declaration of Helsinki.
Basic anthropometric measurements were taken of all subjects: height, body weight and body surface. They were used to define the body mass index according to the following formula: Body mass index =Weight(kg)/Height (m 2 ) x Height (m 2 )
Blood pressure was measured using a mercury sphygmomanometer immediately before the echocardiographic examinations. The mean value of three measurements of blood pressure, taken successively with ten-minute breaks, was taken as the final value.
Hypertension was defined as arterial blood pressure exceeding the 95 th percentile for the patient's age, sex and height [9] .
Echocardiography
All children were examined with standard echocardiographic techniques and tissue Doppler imaging using an Aspen (Acuson) device with multi-frequency probes, from 2.5 to 4 and from 5 to 7 MHz. All measurements were performed following the recommendations of the American Society of Echocardiography [10] using the mean value of three to five consecutive cardiac cycles.
M-mod, 2-D and Doppler echocardiography were performed initially, followed by Doppler tissue imaging techniques.
Left ventricular mass was calculated using the Devereux formula [11] . The left ventricular mass index was calculated by dividing left ventricular mass by height (m 2,7) to minimize effects of age, gender, and overweight status.
Left ventricular hypertrophy was defined as left ventricular mass Index >38 g/ m2,7 , a value greater than the 95th percentile of the pediatric population [12, 13] .
The relative thickness of the posterior wall was used to assess left ventricular geometry.
Relative wall thickness < 0,41 -normal values in children [14] . The diameter of the inferior vena cava was measured in M-Mode and 2-D echocardopgraphy, 1.5 centimeters below the diaphragm in the hepatic segment, in a supine position during normal inhalation and exhalation [15] . In order to eliminate the broad individual variation of inferior vena cava diameter, the inferior vena cava index was determined from the ratio of inferior vena cava diameter and body surface area (IVC/BSA).
The index of inferior vena cava (IVC) collapse was calculated using the following formula:
IVC inex =IVC exp.-IVC insp. /IVC exp. X 100
In assessing systolic function, fractional shortening and ejection fraction values were used.
Ejection fraction = enddiastolic volume-endsystolic volume /end-diastolic volume X 100
Fractional shortening=(enddiastolic diameter-endsystolic diameter)/enddiastolic diameter X 100 FS=(LVDd-LVSd/LVDd)x 100
Two Doppler techniques were used -conventional pulsed wave Doppler (PWD) and Doppler tissue imaging (DTI). Diastolic flow at the mitral valve was registered using the pulsed wave Doppler technique from a four-chamber view, measuring maximum velocities during the stage of fast diastolic filling -E wave (peak of early diastolic flow velocities) and during atrial contraction -A wave (peak of atrial flow velocities); deceleration time (DT) was measured too. In addition, the E/A ratio was calculated for every subject as one of the key parameters in assessing early diastolic ventricular function. Pulsed wave Doppler was also used to measure and estimate pulmonary vein Late diastole was monitored using the left ventricular compliance index, i.e. the E/Em ratio (the ratio of maximum blood flow velocity and maximum myocardial motion velocity in the left ventricular rapid filling phase) [18] .
In the end, as a special parameter, reliable in assessing global function (systolic and diastolic), the Tissue Doppler method was used to calculate the Myocardial Performance Index (Tei Index) according to the formula: Myocardial Performance Index index = (isovolumic contraction time+ isovolumic relaxation time/ ejection time. [19] .
Statistical methods:
In analyzing primary data, descriptive statistical methodss and statistical hypothesis testing methods were used. Among descriptive statistical methods, we used the measure of central tendency (arithmetic mean, median), the measure of variability (standard deviation and range) and relative numbers (indicators of structure). Among methods for testing statistical hypotheses, we used the independent samples t-test, the dependent samples t-test, the Mann-Whitney test and the Wilcoxon test. Statistical data was processed by the SPSS 21 software package. Statistical hypotheses were tested at a statistical significance level of 0.05. The Spearman and the Pearson rank correlation methods, which establish the relationship among observed group traits and their interconnectedness, as well as the linear trend, were applied in analyzing the connection among parameters obtained using the different Doppler techniques.
RESULTS:
The clinical characteristics of the subjects on hemodialysis and the control group are shown in Table 1 . There were ten boys and ten girls in the hemodialysis group, while the control group consisted of 13 boys and seven girls (p>0.05). The mean value of the age of the subjects undergoing hemodialysis did not differ with statistical significance from the mean value of the ages of the control group (12.8±4.19 vs.10.62±3.56; p>0.05).
There was no statistically significant difference among the Body mass index values in the groups (p>0.05).
The subjects on hemodialysis had higher values of cardiac frequency compared to the control group (p<0.000). The systolic and diastolic blood pressure elevation of the subjects on hemodialysis against the controls was statistically significant (p<0.000). Using pulsed wave Doppler , we monitored pulmonary venous flow; S, D and AR waves differed significantly between children on hemodialysis and the controls. Also, the S/D ratio in children on hemodialysis was <1, a statistically significant difference compared to the control group (p<0.05). The E wave was significantly higher in subjects on hemodialysis, while the A wave did not differ statistically when compared to the control group. In patients on hemodialysis, the E/A ratio was not significantly lower than in the control group (p>0.005). E/A <1 was found in ten percent of hemodialysis patients.
Subjects on hemodialysis had statistically significantly shorter deceleration time than the deceleration time of controls (p<0.05).
Sm wave mean values in hemodialysis patients exhibited no statistically significant difference compared to the control group (p>0.05). All children had Sm wave velocities above eight centimeters, values that confirm that systolic function is preserved.
Em waves, Am waves and the Em/Am ratio did not differ significantly between the hemodialysis patients and controls (p>0.05). Individually, Em/Am <1 was found in 7 of 20 or 35% of the hemodialysis patients. E/Em ratio analysis gave a mean value of 8.58±1.47. The mean value of the E/Em ratio in the control group was 7.11±0.97. The E/Em ratio exhibited statistically significant difference in hemodialysis patients compared to the healthy children (p<0.001).
The children on hemodialysis had considerably extended isovolumic relaxation time compared to controls (p<0.001).
The mean value of the Myocardial Performance Index in children on hemodialysis was significantly higher than in the control group (p<0.000). The
Myocardial Performance Index was in significant linear correlation with the E/A ratio (r=-0.4; p<0.05) and the Em/Am ratio (r=-0.5; p<0.01) in children on hemodialysis, while the Myocardial Performance Index of children in the control group showed a significantly positive linear trend in relation to the E/Em ratio (r=-0.45; p<0.05).
DISCUSSION:
The results of our study confirm the high prevalence of left ventricular hypertrophy in patients on hemodialysis, most frequently with eccentric left ventricular remodeling. Also, a large number of authors believe that left ventricular hypertrophy develops early on in chronic kidney disease as a consequence of cardiac remodeling and the compensatory mechanisms that activate to preserve cardiac function. Many authors have shown left ventricular hypertrophy frequency in children in chronic kidney disease stages 2-4 to be 20% to 30%, while among patients on hemodialysis this frequency is
Reports published in 2010 confirmed that hypertension (masked or confirmed)
was the strongest independent cause of left ventricular hypertrophy development in children in chronic kidney disease stages 2-4 [20] . According to various sources, the frequency of hypertension in children undergoing dialysis varies from 40% to 90% [21, 1, 6] . The NAPRTCS reports that hypertension develops very early in chronic kidney disease [22] . According to the data of the European Dialysis and Transplant Association, 55% of children on chronic hemodialysis receive hypertension treatment. Despite being treated, one third of all patients' blood pressure levels remain 10mmHg or more above the 95th percentile for the appropriate age, sex and height [23] .
The frequency of hypertension in children on hemodialysis in our study was 63%, even though around 45% were receiving hypertension treatment -ACE inhibitors and/or Ca jon antagonists [3] . Lately, most pediatric nephrologists tend to be aggressive in treating hypertension in their hemodialysis patients, thus achieving beter control over the hypertension. Calcium channel blockers and ACE inhibitors have been selected as the first-line drugs in the treatment of the majority of children on hemodialysis [25] . Most authors suggest that not only choice of medication, but also other, non-pharmacological therapy, is important in this population, like limiting the intake of salt, maintaining volume status and adequate dry weight.
However, the connection between blood pressure and left ventricular hypertrophy is not always present or simple. The fact that left ventricular hypertrophy is not always highly correlated with arterial blood pressure suggests that increased left ventricular mass Index is reversible, especially in young patients with end-stage renal insufficiency since childhood [20, 21] . Controlling the hypertension, hypervolemia and anemia permits the process of left ventricular hypertrophy regression in children. We also examined the link between left ventricular mass Index and blood pesure, but found no statistically significant correlation between these two parameters [26] . . .
Echocardiographic measurement of the inferior vena cava collapse index cannot be used as a separate parameter, but in combination with other parameters may improve the monitoring of hydration and the quality of life of the hemodialysis patient.
Based on our results, we may conclude that all the children on hemodialysis and the children in the control group had preserved systolic function [27] .
However, several recent reports have found subtle changes in the mechanics of Many recent studies [18, 19, 28] In our study, the Myocardial Performance Index (Tei index) was measured using the TDI methods. Myocardial Performance Index values were significantly higher in subjects on hemodialysis compared to the control group. In this patient group, we noted significantly extended mean isovolumic relaxation time values, shortened deceleration time in subjects on hemodialysis, while isovolumic contraction time and ejection time did not change notably.
Further, one important observation of our study is that children on chronic hemodialysis also have larger left ventricular sizes than the control group. In diastole, the left atrium chamber is directly exposed to left ventricular filling pressure through the open mitral valve. Hence the increased left atrium dimensions are probably a consequence of left venticular diastolic dysfunction. Diastolic dysfunction and left atrium enlargement in these patients can partly be ascribed to an elevated left ventricular mass index. In our study, we found positive linear correlation between left atrium dimensions and left ventricular mass Inex, but it did not rise to the level of statistical significance, which is in accordance with other studies [30, 18] .
In many studies, left atrium dimensions are very important to monitoring diastolic function. The size of the left atrium is weakly preload-dependent, so following left atrium dimensions is considered to be more reliable than transmitral flow when assessing diastolic dysfunction. Also, increased left atrium dimensions and volume are considered a poor prognostic indicator [30] .
Conclusion: The close connection between chronic kidney disease and cardiovascular changes points to the necessity of a multidisciplinary approach (by a pediatric nephrologist and cardiologist) in arriving at the optimal treatment of chronic kidney disease patients undergoing chronic hemodialysis therapy. An important finding of our study was that an individual evaluation of the cardiovascular system of patients on hemodialysis can considerably delay and improve the cardiovascular outcome and lead to improved quality of life for each patient individually. Monitoring the condition of the cardiovascular system of these patients necessitates evaluating the structure and function of the heart, which should be done using conventional echocardiographic methods and tissue Doppler, while combining the pulsed wave Doppler and Tissue Doppler imaging parameters is also necessary. Routine measuring of Em waves and the E/Em ratio is recommended, not only in order to assess myocardial relaxation and ventricular filling pressure, but first of all in order to stratify risk and provide a prognosis.
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